LHÃES (1986, 2003b) . These species are typically found in fastflowing habitats such as rapids and waterfalls, occurring among fissures, or under submerged rocks in shallow waters or occasionally out of the water, but always in the close vicinity of the water source (MAGALHÃES 1986 (MAGALHÃES , 2003b . No information on the reproductive cycle for these species is available, except for the observations from MAGALHÃES (1986) who indicated that females of K. latifrons carrying eggs or young were captured in July and September (Rio Uatumã) and in October (Rio Trombetas) in the northern tributaries of the Amazon River. For K. ytupora, egg-bearing females were also reported in October among material collected in the Rio Xingu (MAGALHÃES 2003b) . The embryonic or postembryonic development has not been described for any of the Kingsleya species, and the same is true for the species of Potamocarcinus H. Milne Edwards, 1853 from Central America.
Considering the almost complete lack of information regarding the reproductive features of neotropical freshwater crabs, the present study aimed to offer data about fecundity and the presence of juveniles carried by females of two pseudothelphusid crab species from the Amazon region (K. latifrons, K. ytupora) and one from Central America -Potamocarcinus magnus (Rathbun, 1896) . The results obtained are part of a long-term collaborative project on freshwater crabs of Central and South America to provide insights in the reproductive strategies of freshwater decapods and will hopefully stimulate more studies on the ecology of these poorly known representatives of the neotropical freshwater fauna.
MATERIAL AND METHODS
Ovigerous females and females carrying juveniles were obtained from the collections of the Instituto Nacional de Pesquisas da Amazônia (INPA), Manaus, Brazil and of the Museo de Zoología (UCR-MZ), Escuela de Biología, Universidad de Costa Rica, San José, Costa Rica. These two collections contain the largest holdings of Pseudothelphusidae in their respective geographic areas. In the INPA-collection, a total of 38 lots of K. latifrons and K. ytupora were checked for the presence of females bearing eggs or juveniles. In some of the lots females with egg/ juveniles were not kept separately, but these vials were inspected carefully for eggs/juveniles, which may have detached from the females. Therefore, detached eggs/juveniles were taken into consideration for their count. In the entire collection of the UCR-MZ, comprised by 218 lots of Pseudothelphusidae, only one female of P. magnus was found with attached juveniles. Additionally, abundant material recently collected by Rólier Lara (Instituto Costarricense de Electricidad, Costa Rica) in the Pacific lowlands of southern Costa Rica was examined: 532 individuals of different species of Pseudothelphusidae: Allacanthos pittieri (Rathbun, 1898), P. magnus, Ptychophallus barbillaensis Rodríguez & Hedström, 2000 , P. colombianus (Rathbun, 1893 , P. paraxanthusi (Bott, 1968) , P. tristani (Rathbun, 1896), P. tumimanus (Rathbun, 1898) . However, no females carrying eggs or juveniles were encountered. The taxonomic identification of the material used for the present study was verified by one of us (CM).
The carapace width (CW: distance across the carapace at its widest point) and carapace length (CL: distance along the midline, from the frontal to the posterior margin) were measured for all females using a Vernier caliper (to nearest 0.05 mm). The same measurements (using a stereomicroscope, to nearest 0.01 mm) were obtained from the juveniles (N = 10 per female) attached to the females. Regarding ovigerous females, the entire egg mass was detached and counted. Subsequently, 20 eggs were arbitrarily separated from each female and measured the width and length of each egg under a microscope equipped with a calibrated ocular micrometer. These data were used to calculate egg volume (EV) according to the formula proposed by TURNER & LAWRENCE (1979) for oblate spheroids: EV = 1/6 (a * b 2 * ), where 'a' represents length, and 'b' width. The developing embryos were classified in early (Stage I: embryos with uniform yolk) and advanced stages (Stage III: eyes clearly visible), following the criteria proposed by WEHRTMANN (1990) . In accordance with similar studies of other brachyuran crabs (e.g. HINES 1991 , REID & COREY 1991 , MANTELATTO & FRANSOZO 1997 , PINHEIRO & HATTORI 2006 , the relation between fecundity and female size was described by an allometric model (HUXLEY 1950; Y = aX b ). In order to evaluate the possible mortality during embryogenesis and subsequent early juvenile development, an analysis of covariance (ANCOVA; ZAR 1999) was applied to examine the relation between offspring number (embryos and juveniles) and CW. In the case of a significant difference (p < 0.05), the Tukey a posteriori test was used to establish the similarity between early developmental stages (ZAR 1999) . Differences between the average of both egg diameter and egg volume of early (Stage I) and advanced eggs (Stage III) were tested using a Student t-test (p < 0.05).
RESULTS

Offspring production
The only female of P. magnus examined herein measured 85.7 mm CW, and carried 179 juveniles with an average CW of 5.2 ± 0.16 mm (Tab. I).
We examined a total of 20 females of K. latifrons: eight with eggs, two with attached juveniles, and 10 without eggs or hatchlings. In the case of K. ytupora, a total of 31 females were examined: eight carried eggs, 13 females with juveniles, and 10 females without eggs or juveniles. A regression analysis of the relationship between number of eggs and crab body size showed that fecundity increased with female size of K. ytupora (Fig. 1 ). Most females with or without eggs/hatchlings were in the size range between 40-50 mm CW (85%; K. latifrons) and 45-55 mm CW (58%; K. ytupora).
Mean size of female K. latifrons (45.4 ± 3.03 mm CW) and K. ytupora (49.8 ± 4.52 mm CW) carrying eggs or juveniles was significantly different (Student t-test; t = 3.05; p < 0.001) (Tab. I). The mean egg number was higher in K. ytupora (80 ± 18.1 eggs) than in K. latifrons (73 ± 10.6 eggs) (Tab. I). Recentlyproduced eggs were significantly larger (Student t-test, t = 7.33; p < 0.001) in K. latifrons (mean egg length 2.83 ± 0.136 mm) when compared to those of K. ytupora (mean egg length 1.87 ± 0.093 mm); however, at the end of the embryogenesis (Stage III), mean egg diameter was similar in both species (Tab. I). Likewise, the mean egg volume of freshly-extruded eggs was significantly larger (Student t-test, t = 7.33; p < 0.001) in K. latifrons (10.8 ± 1.74 mm 3 ) than in K. ytupora (3.2 ± 0.52 mm 3 ). Eggs close to hatching (Stage III), however, reached a larger mean egg volume (21.0 ± 2.37 mm 3 ) in K. ytupora compared to that of the single female of K. latifrons carrying eggs in Stage III (19.9 mm 3 ) (Tab. I). We did not detect statistically significant differences between the slopes of eggs/attached juveniles versus CW in K. ytupora (Fig. 1) .
DISCUSSION
With the exception of the knowledge about the fecundity of the trichodactylid crabs Dilocarcinus pagei Stimpson, 1861 and Sylviocarcinus australis Magalhães & Türkay, 1996 (see MANSUR & HEBLING 2002 , the results here obtained by us represent the first detailed report on egg production and presence of juveniles associated with female pseudothelphusid crabs inhabiting the Neotropics. The findings of our investigation are based upon a relatively low number of observations per species when compared to other studies on the egg production of abundant marine brachyuran decapods (e.g. HINES 1991 , REID & COREY 1991 , MANTELATTO & FRANSOZO 1997 , LITULO et al. 2005 . The obvious lack of information about reproductive features of neotropical freshwater crabs may be explained by 1) the cryptic habit of these crabs (MAGALHÃES 1986), specially ovigerous females and females bearing juveniles; 2) their nocturnal habit (MAGALHÃES 1986 (MAGALHÃES , 2003a ; 3) their habitat covers mostly remote areas which results in sporadic collections, thus limiting the possibility to adequately describe the complete life cycle of these freshwater crabs (MAGALHÃES 1986 (MAGALHÃES , 2003a ; and 4) the relatively low number of specialists working on the biology/ecology of this group in the Americas. Both the absence of published information on female reproduction and the low number of females with eggs or juveniles in the collections analyzed by us suggest that those females are even more difficult to collect than males or females without eggs. In accordance with this conclusion, MANSUR & HEBLING (2002) , studying the reproduc- The mean size of the juveniles from the two female K. latifrons was 4.92 ± 0.390 mm CW. In the case of K. ytupora, two cohorts of juveniles were detected (Fig. 2) : the early juveniles measured on average 4.30 mm CW, the larger ones 4.93 mm CW, which represents an size increment of 15%.
Juveniles of K. ytupora
The first juvenile stage has a swollen, orbicular carapace, with smooth lateral margins; exorbital angle rounded; frontal margin narrow, smooth, with a very shallow notch in the middle, distinctly projected anteriorly, partially covering the eyestalks; spots of yolk supply visible through the thin carapace (Figs 3 and 4) . The second juvenile stage has a dorsally flat carapace, a little broader than in the first stage, lateral margins with rudimentary spines, a bit larger anteriorly; exorbital angle with a small acute spine; frontal margin clearly bilobed, slightly rugose and projected anteriorly, with a deep median notch. tion of two crabs of the family Trichodactylidae, also mentioned the difficulty to collect females with eggs or juveniles. Likewise, DISNEY (1971) emphasized the scarcity of females bearing eggs or young and argued that they may retract into their burrows and forage less at this time. Our long-lasting experience in field collections of these decapods in the Neotropics corroborates the above-mentioned conclusions. All three crab species studied herein produced relatively few but large eggs (Tab. I), typical for species with an abbreviated or direct development (MCEDWARD 1997) . To the best of our knowledge, the only published information on fecundity in neotropical freshwater crabs is of Dilocarcinus pagei and Silviocarcinus australis (Trichodactylidae) from Brazil (MANSUR & HEBLING 2002) : these crab species produced on average slightly more eggs (214 and 170, respectively; Tab. I) than the two Kingsleya species studied herein. MAGALHÃES (1986) reported that two females of K. latifrons from rio Uatumã (Amazonas) carried 57 and 67 eggs, which is within the range found in the present study. Table I summarizes the available information about reproductive features of freshwater crabs. These data about egg production suggest that freshwater crabs produce on average between 100 and 300 eggs; however, fecundity may vary greatly intra-and interspecifically (COREY & REID 1991) .
Exact data on the egg size of freshwater crabs are rare. All available information indicates that the egg diameter of these crabs is in the range of 2 and 3 mm, independent of female size and fecundity (Tab. I). However, most studies did not consider the developmental stage of the eggs, which impedes a comparison of the published values: egg size in decapods tends to increase during the incubation period (WEHRTMANN & KATTNER 1998 , YAMAGUCHI 2001 , WEHRTMANN & LÓPEZ 2003 , PAVANELLI et al. 2008 , and this increase is typically related to the incorporation of large amounts of water (PANDIAN 1970) . In contrast, MANSUR & HEBLING (2002) mentioned that the egg diameter of D. pagei and S. australis did not vary during embryogenesis. The present results, although based on only few observations of eggs in different developmental stages, indicate a substantial increase of both egg diameter and egg volume (Tab. I). In the case of K. latifrons and K. ytupora, the egg diameters encountered during the end of the embryogenesis represent the highest values so far reported for freshwater crabs, but additional data of the egg size variation during the incubation period from other species are needed for a valid comparison.
Egg volume is a widely used parameter to describe and compare reproductive traits among decapods (e.g. COREY & REID 1991 , KUBO et al. 2006 , TEROSSI et al. 2010 , including brachyuran crabs (REID & COREY 1991 , NAVARETTE et al. 1999 ). The first egg volume data for freshwater crabs is presented here (Tab. I). Despite the fact that the mean egg volume of freshly-extruded eggs of K. latifrons was more than three times larger than in K. ytupora, our data indicated that eggs close to hatching were larger in K. ytupora (Tab. I). This surprising result needs to be substantiated by additional egg data for both species, especially for K. latifrons where we obtained only one female with eggs in Stage III. Notwithstanding, these results may indicate that (a) K. latifrons invests more energy in the initial egg production than K. ytupora, and (b) eggs of K. ytupora increase during the incubation period considerably more in volume than those of K. latifrons. These hypotheses might be tested by future laboratory rearing experiments studying the entire incubation period of both species.
Egg mortality during embryogenesis is a common phenomenon in decapods (see KURIS 1991 for review). In the case of K. ytupora, the present results (Fig. 1) indicate that this species is not suffering a substantial loss of eggs or juveniles. We assume that parental care diminishes the loss of eggs and juveniles. Such behavior is often highly developed in species inhabiting extreme environments and species which produce only (THIEL 2003) . According to this author, extended parental care has been reported so far in 35 brachyuran crabs. Since the present study is based on preserved specimens, we do not have live observations about (possible) parental care behavior in these species. However, these relative large freshwater crabs should be an ideal object to study such behavior under laboratory conditions. As observed and described for other freshwater crabs (see references cited in Tab. I), individuals attached to the females of the three species studied herein were juveniles. Although we did not observe the hatching process, it is assumed that all three species display a direct development, as this is a common feature for all of the so-called primary freshwater crabs (YEO et al. 2008 , CUMBERLIDGE & NG 2009 .
The presence of juveniles attached to the female has been already reported for several freshwater crabs (see Tab. I). Our results for K. ytupora (Fig. 2) clearly show that two size groups can be found on the abdomen of the females. Considering that the egg size at the end of the incubation period was almost identical in both Kingsleya species (Tab. I), it seems safe to assume that the hatchlings in both species should have a similar size (e.g. SHIRLEY et al. 1987 , WEHRTMANN & ALBORNOZ 2003 , WEHRTMANN & LÓPEZ 2003 . Therefore, we firmly believe that juveniles of K. latifrons hatch at a similar size as those in K. ytupora. However, the limited number of females of K. latifrons with juveniles simply did not allow encountering females carrying the smaller size group of juveniles.
The presence of two size groups seems to indicate that juveniles are attached to the mother for a prolonged time period. In the case of Candidiopotamon rathbunae (De Man, 1914) , brooding females carry their juveniles between 9 and 16 days (LIU & LI 2000) . According to these authors, the post-hatching period seems to be correlated with the calcification of the cuticle of juvenile crabs. Similarly, juveniles of Aegla perobae Hebling & Rodrigues, 1977 remain attached to the abdomen of the female for 8-12 days after hatching (RODRIGUEZ & HEBLING 1978) . In A. castro Schmitt, 1942 this period extends until 15 days (SWIECH-AYOUB & MASUNARI 2001), while in A. uruguayana Schmitt, 1942 and A. platensis Schmitt, 1942 females carried their young for 3-4 and 10 days, respectively (LÓPEZ- GRECO et al. 2004 , LIZARDO-DAUDT & BOND-BUCKUP 2003 . In contrast, Parathelphusa hydrodomous (Herbst) seems to carry their young for a substantially longer period of time. According to PILLAI & SUBRAMONIAM (1984) , the average number of days spent by the juveniles in the brood was 63.7 days with marked interannual variation, varying between 38 and 100 days. In the case of the three freshwater crab species studied herein, the exact duration of the attachment of the offspring to the mother cannot be established by our data, and future laboratory studies are needed to clarify this aspect.
The description of the carapace (Figs 3 and 4 ) allows morphologically distinguishing of the two size groups of attached juveniles in K. ytupora. These results coincide with the fact that roughly 70% of the 28 crustacean species so far reported to have attached offspring, carry them until they reach the second juvenile stage (THIEL 2003) . At least in Cherax cainii Austin, 2002 the first two stages of juveniles have recurved spines on the dactyls of their fourth and fifth pereopods, which facilitate their attachment to the mother; the third juvenile stage is independent of the mother, and their dactyl spines are straight and cannot grasp the mother's pleopods (BURTON et al. 2007 ). We did not detect such recurved spines in the attached juveniles of the crab species studied herein. However, a more detailed study of the morphological and behavioral adaptations of the different juvenile stages is recommended in order to better describe the mechanism which hatchlings use to remain attached to their mothers in fast-flowing habitats.
